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Object. Dilations of brain perivascular spaces (PV Ss), also known as Virchow—Robin spaces, are routinely identified on
magnetic resonance imaging studies of the brain and recognized as benign normal variants. Giant dilations occur only
rarely and can be easily misdiagnosed as central nervous system tumors. The relevant surgical literature was reviewed to
help establish indications for surgical intervention in these typically benign lesions.

Methods. Giant dilations of the PVSsin 12 patients who had undergone surgery for severa different indications were
identified. Both clinical and radiographic presentations of these patients were reviewed along with the surgical procedures.

Conclusions. Dilations of the PV Ss can become giant lesions that may necessitate surgical intervention to relieve mass
effect or hydrocephalus. The relationship of these lesions to neurological symptoms such as tremor and seizures remains

unclear.

Key WorDs ¢ perivascular space e

HE PVSs in the brain are complex pia mater-ined
I areas that follow penetrating arteries and arterioles
into the cerebral cortex. They are lined by a single
layer of piain the cerebral hemispheres and two layers of
piaalong the lenticulostriate arteries.” The spaces are usu-
aly smdl (1-2 mm in diameter), but can be easly visu-
alized on thin-section T,-weighted MR imaging studies.*®
Perivascular spaces arefilled with interstitia fluid, not CSF
and are thought to be a mgjor pathway for interdtitia flu-
id egress from the brain.? Furthermore, they play arolein
immunological regulation because they harbor resident mi-
croglia®®
Giant dilations of the PVS are unusua anatomical vari-
ants that can be misdiagnosed as central nervous system tu-
mors. Often these dilations are found in patients with non-
specific neurological complaints. The relationship between
tumefactive PVS dilations and a variety of neurologica
symptoms has yet to be firmly established. Here, we re-
viewed the surgical literature regarding PV S dilations with
an emphasis on the indications for intervention.

Clinical Material and Methods

Theclinical, radiological, and pathological records of pa
tients with giant dilations of the PVS were reviewed. We
identified 12 patients harboring tumefactive dilations of the
PV S who had undergone a variety of surgical procedures,
and these patients congtitute the largest group of such pa
tients in the medical literature to date (Table 1). Most (11
patients) had undergone either primary treatment or review

Abbreviations used in this paper: CSF = cerebrospina fluid;
FLAIR = fluid-attenuated inversion-recovery; MR = magnetic reso-
nance; PD = Parkinson disease; PVS = perivascular space; VP =
ventricul operitoneal.
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at the University of Utah Hospital at the request of the treat-
ing physicians. One additional patient was treated primari-
ly a the University of Southern CdliforniaHospita. All pa-
tients had dilations of at least 1.5 cm in diameter, which
produced local mass effect.

Patients, seven of whom were men, ranged in age from
21 to 57 years, with a mean age of 42 years. Dilated PV Ss
were located in the thalamus, midbrain, and subcortica
white matter. Lesionswere situated in the left hemispherein
seven patients, right hemisphere in three, and both hemi-
spheres in two. The mgjority of patients presented with
headaches, and eight had obstructive hydrocephal us.

Six patients underwent biopsy. Eight patients required
CSF diversion because of hydrocephalus. Three patients
underwent VP shunt placement, whereas a fourth experi-
enced a cystoperitoneal shunt placement. Four patients un-
derwent ventriculocisternostomy. One patient had a cyst
catheter-reservoir implanted to enable seria aspiration. Fol-
low-up imaging studiesfrom 2 to 9 years after theinitia di-
agnosis were available in al patients. No enlargement of
a cystic dilation was noted, except in the two patients de-
scribed later.

[llustrative Cases
Case1l

This 39-year-old man presented with a 1-year history of
severe headaches, which had become progressively more
debilitating. These headaches initiated behind the left eye
and evolved to encompass the entire head. Additionaly, the
patient experienced a coarse tremor of the right upper and
lower extremities. Magnetic resonance images of the brain
revealed a nonenhancing cystic lesion in the left insula and
basal ganglia together with significant loca mass effect

(Fig. 1).
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TABLE 1
Characteristicsin 12 patients with giant dilations of the PVS
Case Age(yrs), Primary PVS
No. Sex Symptom(s) Procedure(s) Performed Location Laterality = Hydrocephalus
1 39, M headache biopsy thalamus, It no
white matter
2 35 M headache, poor vision biopsy, ventricul ocisternostomy midbrain It yes
3 57, M lethargy, poor memory biopsy, ventricul ocisternostomy midbrain It yes
4 44, F poor balance, ventricul oci sternostomy midbrain rt yes
poor concentration
5 46, M headache biopsy midbrain, rt no
thalamus
6 56, F headache, poor memory fenestration, shunt placement thalamus It yes
7 40, M headache biopsy midbrain rt yes
8 21, M seizure biopsy white matter It no
9 47, F headache shunt placement thalamus, bilat yes
midbrain
10 35 M headache, confusion shunt placement thalamus bilat yes
11 49, F headache ventricul oci sternostomy thalamus It yes
12 31, F headache, hemiparesis cyst catheter aspiration midbrain It no
Craniotomy was performed for cyst fenestration and di- Discussion

agnostic purposes. A hedlthy small artery could be identi-
fied centraly in some of the cysts. The patient experienced
resolution of headaches and improvement in tremor (Fig.
2). Histologica analysis showed cystic dilations of hedthy
brain tissue with some reactive gliosis a the cyst edges.

Five months following his surgery the patient was in-
volved in amotor vehicle accident and experienced arecur-
rence of the headaches. Brain imaging studies revealed re-
expansion of the fenestrated cysts with some hemorrhage.
Along with the headaches, the patient also developed some
intermittent dystonic movements of the right arm. Endo-
scopically asssted placement of a VP shunt was performed
because of the symptomatic enlargement of the cysts. The
patient again experienced relief of the headaches and reso-
Iution of the movement abnormalities. He remains asymp-
tomatic 1 year following shunt placement.

Case 6

This 56-year-old woman presented on multiple occasions
toloca emergency roomsand to her primary physician with
a variety of complaints. She had suffered headaches and
gait instability. These were accompanied by new memory
and intermittent speech difficulties. She aso had a history
of panic attacks and depression. Her symptoms were be-
lieved to be nonspecific and were originaly managed using
medical therapy. After severd episodes of worsening symp-
toms, brain imaging studies were performed.

Both computerized tomography scanning and MR imag-
ing studies reved ed that the patient had a left posterior tha-
lamic cyst causing obstructive hydrocephaus (Fig. 3). The
patient underwent cyst fenestration via a supracerebdllar,
subtentorial approach. Initially, she had a good response to
surgery; 4 months later, however, many of her symptoms
returned. Imaging studies demonstrated that the cyst had re-
turned to its original size with resultant hydrocephaus. The
patient therefore underwent placement of a ventriculoatrial
shunt. Again, initialy she responded well, with improve-
ment in her hydrocephalus. Unfortunately, despite this im-
provement in the hydrocephalus, some of her symptoms,
including headache and dizziness, persisted.
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Dilations of the PV'S could be visualized on T,-weighted
MR imaging in up to 95% of patients in a recent study.*® It
has been asserted that PV Sdilations are anormal part of ag-
ing and occur primarily in the elderly.® Such dilations have
been noted in nearly 30% of hedthy children, however,

Fic. 1. Case 1. Axial FLAIR-weighted (upper left), T,-weighted
(upper right), and contrast-enhanced T,-weighted (lower left) and
coronal contrast-enhanced T,-weighted (lower right) MR images
revedling the tumefactive dilations of the PVSin the left basal gan-
gliaand insula. Notethat the lesion follows CSF signal intensity and
does not enhance following administration of a contrast agent. This
large multilocular lesion produces mass effect on the basal ganglia,
thalamus, and third ventricle. The thin rim of high signal onthe T,-
and FLAIR-weighted images surrounding the enlarged PV Sis con-
sistent with the small amount of gliosisidentified on histological ex-
amination.
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Fic. 2. Casel. Axid T,- (left) and T-weighted (right) MR imag-
es obtained following cyst biopsy and fenestration, demonstrating
greatly reduced mass effect with reexpansion of the third ventricle
to normal dimensions.

and have been associated with normal development, evenin
macrocephalic children.2*®* Small dilations of the PVS are
now considered to be a normal imaging variant with a be-
nign prognoss. In fact, small PVS dilations are now visu-
aized in nearly dl patients when 3-teda imaging is used
(AG Osborn, unpublished data).

Case reports of extreme dilations of the PV Ss have been
published previoudly and will be described later. Often the
cases of tumefactive PV'S dilation come to surgica atten-
tion because of their unusual appearance and concerns re-
garding possible pathological features. A variety of indica
tionsfor surgica intervention exist in association with these
lesions. To help clarify these issues, we review the surgical
indications regarding treatment of hydrocephalus, treatment
of tremor or seizure, and the need to perform biopsy.

Treatment of Hydrocephalus

Cystic dilation of the PV S within the midbrain can cause
obstructive hydrocephaus by limiting CSF flow through
the cerebral agueduct. In 1983 Pairier, et a.,*> described a
54-year-old patient with mesencephalic lacunae who had
experienced neurological deterioration with symptomssim-
ilar to those in normal-pressure hydrocephalus, including
progressive gait disturbance, incontinence, and worsening
mental status. Improvement occurred after ventriculocis-
ternostomy. Similarly, Homeyer, et d.,° reported on a 42-
year-old man who had experienced worsening headache in
association with 10 years of progressive diplopia and par-
esthesias in both upper extremities. On MR imaging, PVS
dilations in the right mesencephalon and thaamus with
resultant hydrocephalus were visualized. Eventualy, a VP
shunt was placed, with improvement in the patient’s pares-
thesias and headaches, although his diplopia remained. No
change in the PV S dilation was noted on MR imaging stud-
ies performed at 6 months.

Asthese two cases illustrate, patients become symptom-
aic from hydrocephalus very dowly and the symptoms
may mimic those that occur in normal-pressure hydroceph-
alus. More recent literature confirms these initia reports.
Mascalchi, et d.,** have described two patients. The firgt, a
58-year-old woman, presented with a decreased mental sta
tus (as documented on the Mini-Mental State Examination),
Parinaud phenomena, gait difficulty, and rubral tremor. All
symptoms improved after a shunt was placed to relieve
hydrocephalus. The second patient, a 55-year-old man, re-
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Fic. 3. Case 6. Coronal T,- (upper left) and FLAIR-weighted
(upper right) and contrast-enhanced T,-weighted (lower left) MR
images of the dilated PV S revedling severe compression of the third
ventricle with resultant hydrocephalus. Transependymal edema is
demonstrated, but there is no evidence of contrast enhancement.
The corond contrast-enhanced T,-weighted image (lower right) ob-
tained after cyst fenestration reveds a decrease in both the size of
the giant PV'S and hydrocephal us.

ceived a diagnosis of a “fronta lobe syndrome” consisting
of memory loss, decreased mental status, and ataxic gait. A
ventriculocisternostomy was performed and the patient’s
symptoms improved. Again, the size of PVS dilation was
unchanged on MR images obtained 6 months later. In a
more recent study,* a 35-year-old man was described as ex-
periencing dowly developing symptoms of forgetfulness,
confusion, and somnolence. Aside from these symptoms,
results of his neurological examination were unremarkable.
He was found to have left midbrain PVS dilations with
hydrocephalus, athough his symptoms improved with the
placement of a shunt.

The development of hydrocephalus necessitated surgery
in the majority of patients included in our study. Eight pa-
tients required CSF diversion procedures. Three patients
underwent insertion of VP shunts, one patient received a
cystoperitoneal shunt, and four patients underwent ventric-
ulocisternostomy procedures. One patient had small serid
aspirations of a midbrain cyst with no further treatment.
In al cases the cystic PV S dilation remained stable or de-
creased in size on subsequent MR imaging studies.

Although PV Ss are filled with interdtitial fluid and not
CSF, one might postul ate that CSF drainage a one could de-
crease the size of dilated PVSs. In dl cases published to
date in which CSF drainage was used to treat hydroceph-
alus, the PV'S dilations remained stable in size. In the pa
tientsin this study the PV S dilations only decreased in size
when they were directly fenestrated or subjected to shunt
placement.

Clearly, some degree of enlargement of the cystic PVS
dilation occurred in each patient who later developed hy-
drocephaus. Longitudina studies of PVS dilaions have
not been performed, but follow-up imaging studiesin cases
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published to date have yet to demonstrate an increase in
PV Ssize. Given that the number of patients who harbor un-
diagnosed tumefactive dilations of the PVSis likely to be
large, the few published cases of lesions causing hydro-
cephalus indicate that lesion growth israre.

Tremor and PVSs

When multiple small dilations of the PVSs are present
in the striatum, they can be classified as état criblé or type
Il lacunae in the classification system of Poirier and Der-
ouesné.'® These were first described in 1843 and in 1929.
Critchley® described this condition as being a form of ar-
teriosclerotic parkinsonism. The contribution of multiple
small PVS dilations to symptoms of PD is still a matter of
debate. Thissubject isreviewed by Fénelon and associates,?
who also reported on two patients with étet criblé, based on
imaging and histological studies. Although both patients
displayed signsof PD, only one patient had the usual chang-
esin the substantia nigra, indicating that dilated PV Ss may
play arolein causing or modifying PD.

The surgical implications of éat criblé have aso been
investigated recently. Desaloms and colleagues’ prospec-
tively studied the outcome of posteroventral medid palli-
dotomy in patients with PD, noting that patients who had
status cruciformis or lacunae prior to surgery had less im-
provement in their off-medication condition at 6 months
posttreatment. Patients with both conditions had a higher
incidence of transiently altered mental status. Nonetheless,
Laitinen, et d.,”? reported no difficulty or lack of effect of
pallidotomy in patients harboring dilated PV Ss. In fact, the
magjority of their patients harbored dilated PV Ss predom-
inately in the posteroventral regions of the globus pallidus.
The patients' preoperative motor symptoms were noted to
be more severe on the side of the body contralatera to the
side of the brain having the least number of dilated PV Ss.
These findings indicate that there may be a functional con-
sequence to multiple PV Ss. When the magjority of dilations
are in the posteroventral pallidum, however, they may les-
sen the effects of PD.

The effect of a massive PVS dilation on tremor is un-
known. The case of a patient harboring mesencephalic cys-
tic dilations with resultant triventricular hydrocephal us was
presented by Mascalchi and colleagues.** This patient dis-
played aright-sided rubral tremor aong with symptoms of
hydrocepha us. Although many of the hydrocephalic symp-
toms improved with CSF diversion, the patient’s tremor
did not. In contrast, one of the patients in the present study
displayed upper- and lower-extremity coarse tremor that
dramatically improved with decompression. Inthiscase, the
extensgvely dilated PVS was causing mass effect on the
basa ganglia, which, according to neuroimaging studies,
improved following shunt placement. The experience of
this patient demonstrates that tremor may sometimesbeim-
proved if it is caused by basal ganglia compression.

Seizure and PVSs

The functiona relationship between tumefactive dilation
of the PVS and seizures is unclear. Only one case report
demonstratesacausa link.® This patient, a64-year-old man,
experienced right temporal lobe seizures very late in life.
Evaluation reveded a large PVS dilation in the right hip-
pocampus. It is possiblethat thislesion expanded over years
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FiG. 4. Magnetic resonance imaging performed in a patient with
multiple cystic dilations of the PVS demonstrating a pattern that
could &t first appear to be aneoplasm. Axial FLAIR- (upper left) and
T,-weighted (lower left) images reved abnorma increased signd
within the adjacent white matter; however, the signa characteritics
of the giant PV S dways follow CSF signal intensity and no contrast
enhancement isdemonstrated.  Right: The T,-weighted images.

and led to the devel opment of seizure. Other casereportsin-
dicating alink between dilations and seizures are unable to
offer clear causal explanations.**

One patient in our series experienced seizures. This pa-
tient, a 21-year-old man, had a history of generalized sai-
zures with no clear origin. Magnetic resonance imaging
studies revealed cystic dilationsin the cortical and subcorti-
cal white matter on the left side. The patient underwent bi-
opsy sampling for what proved to be PV Ss. The patient was
also found to have cortical dysplasia, a known contributory
factor to selzures. Follow-up imaging performed 6 years af-
ter biopsy reveded the PV S dilations to be unchanged.

It is unclear whether thereis any functiona consequence
to PVS dilations. As discussed earlier, there is some evi-
dence indicating that the condition of état criblé may con-
tribute, in either a pogtive or negative way, to parkinso-
nian symptoms. The functiona consequence of extreme
PV S widening has been studied in only one patient.® This
60-year-old woman with extreme widening of subcortical
PVSsin the right frontal and parietal areas underwent so-
matosensory evoked potentiad and transcranial magnetic
motor evoked potential monitoring. No laterality of testing
or other functional consequences could be demonstrated.
Analysis of data currently available indicatesthat PV S dila-
tions do not often contribute to seizure activity. Patients har-
boring dilated PV Ss and demonstrating seizures should be
thoroughly evaluated for a more common cause of seizure.

Biopsy for Tissue Diagnosis

The ominous appearance of tumefactive PVS dilations
will often lead to a differential diagnosis that includes neo-
plasm. The mgjority of case reports published to date fea-
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ture patients who have undergone abrain biopsy procedure.
A typica case was recently reported from Austrdia; MR
imaging results revealed large right frontal cystic structures
with mass effect. A biopsy was performed, revealing the
masses to be dilated PV Ss.® Six of the patientsin our series
had undergone biopsy procedure for diagnostic purposes.

With the high-resolution capability of modern 1.5-teda
MR imaging, there is now little need for tissue biopsy sam-
pling to diagnose even a dramaticaly enlarged PVS. Note
that PV Ss are filled with intergtitial fluid,® which has the
imaging characteristics of CSF on al MR imaging and
computerized tomography scanning sequences.*® Enhance-
ment does not occur following administration of a contrast
agent (Fig. 4). Evauation of this series of patients reveals
consigtent imaging characteristics, as described earlier, in
all lesions subject to biopsy sampling.

In patients with small dilations of the PV S the surround-
ing brain parenchyma has normal imaging characteristics.
In some patients with massive dilations of the PV Ss, how-
ever, increased T, and FLAIR signasare noted surrounding
the dilations (Figs. 2 and 4). The presence of the increased
T, signal has been viewed as a worrisome finding and in
some cases has prompted the performance of tissue biopsy.
In patients who have been followed up with serial imaging
we have not identified a case in which this T, signa wors-
ened over time or masked an underlying malignancy. Our
series of patients indicates that this abnormal signal stems
from reactive gliosis surrounding the enlarged PVS and is
not an ominous finding.

After reviewing this series of patients and the relevant
surgica literature, we adopted the following approach to
patients presenting with massive dilations of the PVS. Pa-
tients presenting with symptomatic hydrocephalus are treat-
ed with the aid of CSF diversion. Patients presenting with
focal symptoms related to PVS mass effect undergo cyst
drainage and fenedtration. If the cyst symptomatically re-
curs, shunt placement is undertaken. Incidentally noted
PV S dilations are evaluated using high-resolution MR im-
aging and are not subject to biopsy sampling.

Conclusions

Extreme or tumefactive dilations of the PVS are unusual
anatomica variants often found during imaging evalua
tion for avariety of neurological symptoms. These lesions
are benign and do not require biopsy sampling for diagno-
sis when high-resolution MR imaging studies can be per-
formed. Nonetheless, a rare subset of these lesions will
slowly expand over time and may produce neurological se-
quelae or hydrocephalus if they arisein critical areas. Cere-
brospina fluid diversion procedures successfully aleviate
symptomatic hydrocephalus. The relationship of these unu-
sual dilations to seizures or tremor remains unclear.
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